Objectives: Several studies have indicated that adult patients with spondyloarthritis (SpA) have elevated levels of antibodies associated with celiac disease (CD). This has not been studied in children, and none of the studies corrected for total IgA levels.
Introduction
It is unclear whether there is an association between spondyloarthritis (SpA) and celiac disease (CD). One study showed that arthritis may be common in patients with CD [1] , but this finding has not been confirmed. There have been several case reports of children with Juvenile Idiopathic Arthritis (JIA) who were diagnosed with CD, in whom the underlying arthritis improved with the institution of gluten-free diet [2, 3] . However, there is contradictory data with respect to the presence of antibodies associated with CD in patients with pediatric or adult arthritis. Several studies have identified increased anti-gliadin IgA or anti-tissue transglutaminase (TTG) IgA antibodies in adults with psoriatic arthritis (PsA) or ankylosing spondylitis (AS) [4] [5] [6] [7] , while others found no differences in antibody titers [8, 9] . Similar data exist in Year 2012 Volume:1 Issue:1 31-35 children, and several studies have shown increased frequency of CD-associated antibodies in patients with JIA [10-13], although none of the studies evaluated children with SpA. Most of the above studies did not measure total IgA levels. In order to explore a potential association of CD with juvenile SpA, we evaluated a cohort of children with JIA, comparing TTG IgA levels among children of the various JIA subgroups (enthesitis-related arthritis (ERA), psoriatic JIA (psJIA), oligo and poly-articular JIA) and healthy pediatric control subjects (with non-inflammatory musculoskeletal conditions).
Methods

Patients
Children with JIA: 42 children who met the International League of Associations for Rheumatology (ILAR) criteria for JIA evaluated at Texas Scottish Rite Hospital for Children (TSRHC), were recruited into the study [14] . 11 of them were diagnosed with ERA, while the remainder had oligoarticular JIA, polyarticular JIA, or psoriatic arthritis (collectively termed as 'JIA controls'). Information on patient demographics, clinical phenotype, joint count, medication use, and routine laboratory studies at the time of the study is shown in Table 1 . This study was approved by the Institutional Review Board at UT Southwestern Medical Center.
Control subjects: 10 healthy children evaluated at TSRHC with a chief complaint of joint pain but found to have a non-inflammatory etiology (e.g. benign hypermobility, amplified pain syndrome) were enrolled as non-inflammatory controls.
Measurement of TTG and total IgA
Serum was obtained and stored in aliquots at -80 o C. TTG IgA and total IgA were measured using commercially available kits (Alpco; Salem, NH) as per the instructions from the manufacturer. Briefly, human TTG or anti-IgA antibody was pre-loaded onto plates provided by the manufacturer and incubated for 30 minutes at room temperature (RT) with the patient samples, as well as standards and reference sera provided by the manufacturer. After washing, plates were incubated with anti-human IgA conjugated to horseradish peroxidase for 15 (for TTG) or 30 (for total IgA) minutes at RT, washed again, and incubated for 10 -15 minutes at RT in the dark with the tetramethylbenzidine substrate. Phosphoric acid as stop solution was added and absorbance at 450 nm was measured. Units of anti-TTG IgA or total IgA were calculated from a standard curve; cutoff values for anti-TTG IgA were obtained from standards provided by the manufacturer. 
Statistical analysis
Baseline characteristics among all of the groups were compared with ANOVA for continuous data and the Chisquare test for nominal data. Because TTG levels were not normally distributed (not shown), comparisons were performed with the non-parametric Kruskal-Wallis test. Comparison of serum IgA levels was performed with ANOVA. Correlation analysis was performed with the Spearman test, limited to JIA patients for ESR and the joint count. All analyses were performed with SPSS version 16 (Chicago, IL).
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Results
Tissue transglutaminase IgA
Median (IQR) TTG IgA levels were elevated among children with ERA (8.8, 4.6 -21) compared to the JIA controls (2.8, 1.5 -5.9) and the non-inflammatory control subjects (1.5, 0.82 -12), p = 0.017, Kruskal-Wallis (Figure 1 .) The majority of patients in all groups had TTG levels below the cutoff of 15 Units / ml. We looked for predictors of elevated TTG IgA levels among children with JIA. On a continuous scale no correlation was observed between TTG IgA levels and age (r = 0.236, p = 0.092), the swollen joint count (r=0.024; p=0.878) or ESR (r = 0.135, p= 0.398). The latter two comparisons were limited to patients with JIA. Additionally, there was no association between use of nonsteroidal anti-inflammatory drugs (NSAIDs) or disease-modifying anti-rheumatic drugs (DMARDs) and TTG levels among JIA patients, with median (intra-quartile range) TTG IgA levels of 3.8 (2.3 -6.7) among untreated children, 4.9 (2.7 -10.2) among those receiving NSAIDs alone, and 2.1 (0.7 -10.0) among those receiving DMARDs. Similar results were obtained if the study group was limited to the ERA subset, although the numbers were too small to permit meaningful statistical analysis. Overall, boys had higher TTG levels compared to girls, 6.8 (2.6 -23.6) versus 2.5 (1.3 -5.3), p = 0.021.
Total serum IgA
Serum IgA was measured in all 52 subjects. Of them, one (1.92%) had undetectable levels. Patients with ERA had elevated total IgA levels compared to subjects in each of the other groups (Figure 2 ; p = 0.001). TTG IgA and total IgA levels were highly correlated (r = 0.599, p < 0.001; Figure 3 .) When TTG IgA levels were corrected for total IgA levels, observed differences between the groups were abrogated (data not shown). 
Endoscopic diagnosis
Two children included in the study were referred to gastroenterology for evaluation; only one kept the appointment. This child, with a TTG IgA level of 8.8, underwent upper endoscopy and colonoscopy to evaluate for inflammatory bowel disease, with findings negative for CD.
Discussion
Our study confirms prior findings of elevated CD-associated antibodies in patients with SpA [4] [5] [6] [7] , extending these observations for the first time to pediatric SpA. We also confirm prior observations of elevated total serum IgA levels in SpA patients [15] . Our data however does not appear to indicate that CD is present in large numbers of our patients. Prior studies showing elevated CD-associated antibodies in adult or pediatric patients with arthritis have shown that upper endoscopy of antibody-positive patients typically yields negative findings [4, 6, [10] [11] [12] [13] . Only one study showed a higher than expected incidence of CD in patients with SpA, with histological diagnosis in 5 /114 (4.4%) of PsA patients [5] . In our study, most of the patients had TTG levels below the manufacturer' s suggested cutoff of 15 Units / ml, and only one child, who had a TTG level of 9, underwent upper endoscopy, with negative findings. Most importantly, we also found that patients with ERA had elevated TTG IgA levels that correlated highly with total IgA levels, potentially indicative of polyclonal IgA production. Most prior studies involving CD-associated antibodies did not measure total IgA levels [4, 6, [8] [9] [10] [11] [12] [13] . Of the two studies that did measure total serum IgA, both found higher levels in SpA patients compared to concurrent or historical controls [5, 7] . Amongst these, the study by Lindqvist et al. (2002) did not involve performing confirmatory biopsies [5] and the one by Togrol et al. (2009) reported findings consistent with CD in only one of 11 biopsied patients [7] . Thus, we suspect that our results and possibly results from prior teams showing elevated CD-associated antibodies in SpA patients may be suggestive of non-specific inflammation in ERA patients, potentially at the mucosal surfaces. Indeed, prior studies have reached similar conclusions that elevated celiac antibodies in children with JIA reflect non-specific immunologic abnormalities rather than true CD [10, 11] . This study has several limitations. Patient numbers are limited, and the results may have been impacted by medical therapy, albeit no obvious association was observed. In addition, only one child with elevated TTG IgA levels underwent endoscopy, raising the possibility that some cases may have gone undetected. Despite these limitations, in light of the elevated total IgA levels in the ERA patients and the strong correlation between TTG and total IgA, we submit that future studies measuring IgA antibodies in SpA patients should take into account the possibility of differences secondary to polyclonal IgA production.
